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© A novel structure of an active electro-optical 
device is disclosed. The device is provided with 
complementary thin film insulated gate field effect 
transistors (TFTs) therein which comprise a P-TFT 
and an N-TFT. P-TFT and N-TFT are connected to a 
common signal line by the gate electrodes thereof, 
while the source (or drain) electrodes thereof are 
connected to a common signal line as well as to one 
of the picture element electrodes. 

In case of driving the active electro-optical de- 
vice, a gradation display can be carried out in a 
driving method having a display timing determined 
in relation to a time F for writing one screen and a 
time (t) for writing in one picture element, by apply- 
ing a reference signal in a cycle of the time (t), to 
the signal line used for a certain picture element 
driving selection, and by applying the select signal 
to the other signal line at a certain timing within the 
time (t), and whereby setting the value of the voltage 
to be applied to a liquid crystal. 
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BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to an electro- 
optical device, e.g. to an active liquid crystal 
electro-optical device, in particular, to a device 
provided with two complementary thin film insu- 
lated gate field effect transistors (hereinafter re- 
ferred to as C/TFTs) having a structure of modified 
transfer gate MTG). 

Also, the present invention relates to a method 
for driving an active electro-optical device, in par- 
ticular, to a method for driving an active electro- 
optical device with clear gradation level in a digital 
mode. 

2. Description of the Prior Art 

An active liquid crystal electro-optical device 
utilizing TFT is conventionally know. In this device, 
an amorphous or polycrystalline semiconductor is 
used for TFT, while either one of conductive type 
alone is used for each picture element thereof. 
Namely, an N-channel TFT(referred to as NTFT) is 
generally linked to the picture element in series. 

Since the dielectric constant in a direction par- 
allel to a molecular axis of the liquid crystal com- 
position provided between substrates is different 
from that in a direction perpendicular thereto due to 
the material property thereof, arrangement of the 
composition can easily be made in both directions, 
horizontally or vertically, to the outside electric 
field. By utilizing the anisotropy of dielectric con- 
stant, the amount of transmitted light or of disper- 
sion thereof is controlled in a liquid crystal electro- 
optical device, so as to perform ON/OFF display. 

Fig.2 shows an electro-optic property of 
nematic liquid crystal. When the applied voltage is 
small, which is indicated by Va or a point A, the 
amount of transmitted light is approximately 0%, 
and at Vb or point B, it is approximately 20%, while 
at Vc or point C, it is approximately 70%, and at 
Vd or point D, it amounts to approximately 100%. 
Therefore, when the points A and D alone are 
used, two-graded display in black-and-white is pos- 
sible, while, when the points B, C, or the points 
where electro-optical property (transmittance) rises 
in Fig.2, are used, the display of intermediate gra- 
dation is possible. 

As for the conventional electro-optical device 
utilizing TFTs, gradation display was performed by 
varying the voltage applied to a gate of the TFT or 
that applied between source and drain thereof, and 
controlling the voltage in an analogue mode. 

Concerning the conventional method of grada- 
tion display in the electro-optical device utilizing 
TFT, an explanation will be made: an N-channel 
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thin film transistor used for the conventional 
electro-optical device has the voltage-current char- 
acteristic as shown in Fig. 3, which shows the 
voltage-current characteristic of the N-channel thin 
5 film transistor utilizing amorphous silicon, and of 
that utilizing poly-silicon. 

By controlling the voltage applied to a gate 
electrode of the thin film transistor having such 
characteristic in an analogue mode, drain current 

io can be controlled and therefore strength of the 
electric field to be applied to the liquid crystal can 
be varied, whereby gradation display is possible. 

In the case of an electro-optical device having 
picture elements of, for example, 640 x 400 dots, 

is however, it is difficult to manufacture all 256,000 
TFTs without variation in characteristics thereof. It 
is thought that 16 gradation levels are limit of the 
number of gradation levels of such electro-optical 
device having 640 x 400 picture elements in order 

20 to achieve productivity and yield required for prac- 
tical process. 

A gradation display may be performed by pre- 
determining the value of gate voltage, while con- 
trolling only the turning of ON/OFF by gate voltage, 

25 and by variably controlling source or drain voltage. 
In this case, however, about 16 gradation levels are 
considered to be a limit, based on the fact that the 
characteristic are unstable. In an analogue mode of 
the gradation display control, clear display was 

30 difficult due to variation in characteristics of TFT. 

Another method of gradation display using mul- 
tiple frames is suggested. As shown in the outline 
indicated in Fig.1 1 , when a gradation display is to 
be performed using, for example 10 frames, by 

35 making two frames out of ten transparent, while the 
remainder of eight frames nontransparent, average 
20% of transparency can be displayed at picture 
element A. A picture element B displays 70% of 
transparency on an average in the same manner, 

40 while a picture element C 50% of transparency on 
an average. 

When such a display is carried out, however, 
since the number of frame is practically reduced 
thereby, flickering and display failure were gen- 

45 erated. To solve the problem, the increasing of 
frame frequency, or the like, is suggested, where- 
as, the increase in power to be consumed in accor- 
dance with the increase in driving frequency, as 
well as the difficulty in the achievement of higher 

so operation speed IC, indicated a limit of this meth- 
od. 

BRIEF SUMMARY OF THE INVENTION 

55 An object of the present invention is to provide 

a method of compensating the variation in char- 
acteristics of TFT by inputting a reference signal 
repeated in a certain cycle and having signal level 

2 
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which varies during duration of the reference sig- 
nal, from a controller side, in order to clarify the 
level of applied voltage, and by controlling the time 
of connecting the reference signal to the TFT by 
digital value, and thereby controlling the voltage to 
be applied to the TFT, namely, to offer an electro- 
optical device by using complementary thin film 
transistors (C/TFTs) having a structure of modified 
transfer gate (MTG) that performs digital gradation 
display. 

The method is characterized in displaying gra- 
dation in an electro-optical device using a display 
drive method that has a display timing in relation to 
a time F for writing one picture plane and a time (t) 
for writing in one picture plane, without changing 
the time F, by applying a reference signal that has 
voltage variation in a cycle that is equal to the time 
(t) to one of the signal lines that are used for drive 
and selection of a picture element, as well as a 
selection signal at a certain timing within the time 
(t), to the other signal line, thereby determining the 
voltage to be applied to a liquid crystal, and there- 
by actually applying the voltage to the picture 
element. 

In addition, the method is also characterized in 
high speed control without being limited by several 
tens of MHz that was a limit of data transfer speed 
for a conventional CMOS, since the timing is not 
dependent upon the transfer of the data, but is 
processed at a part for signal process, with a high 
speed clock being added to a driver IC itself that is 
put on the electro-optical device. 

Fig. 1 shows a concrete drive waveform for 
driving the electro-optical device in accordance 
with the present invention. The electro-optical de- 
vice has a circuit configuration equivalent to a 
circuit diagram having a 2 x 2 matrix form shown in 
Fig. 4. Herein used is a half wave of a sine wave, as 
the reference signal waveform of varied voltage in 
a certain period of time as described supra. Sine 
waves 309, 310 are applied to V OD i303, V OD2 304 
that fall in a direction of a scanning line, while two- 
polarity (hereinafter referred to as bipolar) signals 
are applied to V GG1 301, V GG2 302 that fall in a direc- 
tion of information line. Digital control is carried out 
by a timing of applying the bipolar signals. 

Namely, the amount of charge to be accu- 
mulated at the point A as well as electric potential 
at the point A are determined by changing the 
timing for selecting the signal of varied voltage in a 
certain period of time, as shown in 309 and 310, 
and the size of the electric field to be applied to 
the picture element as well as to the liquid crystal 
is determined by defining a certain value for the 
electric potential 313 of a counter electrode. 

The timing of applying the bipolar signal to 
gate signal lines such as V GG1 , V GG2 is not deter- 
mined by the transfer speed of the information 



signal, but is regulated by the reference clock input 
to the driver IC that is directly connected to the 
electro-optical device in the present invention. 
Namely, in the case of an electro-optical device of 

5 640 x 400 dots, drive frequency is approximately 
20MHz based on the limitation of CMOS, and, in 
order to calculate the number of gradation levels 
by utilizing this value, the drive frequency is to be 
indicated as a product of the number of scanning 

70 lines, the number of frames, the bipolar pulse, and 
the number of gradation levels, from which 20MHz 
is divided by (400 x 60 x 2), to obtain the number 
of gradation levels which is 416, and it is needless 
to say that a display having 832 gradation levels is 

75 possible by dividing the display screen into two. 

The present invention is characterized in per- 
forming gradation display in a digital method, in- 
stead of employing the conventional analogue 
method of gradation display. To obtain the effect, 

20 in the case of an electro-optical device having 
picture elements of 640 x 400 dots, it is very 
difficult to eliminate the variation in characteristics 
for all the TFTs of 256,000, at the time of manufac- 
turing, and, practically, in consideration of mass 

25 production and yield, 16 gradation display is sup- 
posed to be a limit, whereas, the method of com- 
pensating the variation in characteristics of TFTs is 
employed in the present invention by inputting a 
reference signal from a controller side, in order to 

30 clarify the level of applied voltage, and by control- 
ling the timing of connecting the reference signal to 
TFT by digital value, and thus controlling the volt- 
age to be applied to TFT, which allows for clear 
digital gradation display. 

35 Also, clear digital gradation display is possible 

without changing the number of frames for one 
picture plane, by defining two kinds of drive fre- 
quency, whereby the generation of flickering con- 
comitant with the decrease in the number of frames 

40 can be prevented. 

For example, when a gradation display is per- 
formed in a normal analogue mode for an electro- 
optical device, for which 256,000 pairs of TFTs of 
640 x 400 dots are formed in 300nm square, a 16- 

45 gradation display is an upper limit due to the 
variation in TFT characteristics of approximately 
±10%. In the case of digital gradation display in 
accordance with the present invention, however, 
since the variation in characteristics of TFT devices 

so can be compensated, a 256-gradation display is 
possible, and a various and subtle color display of 
as many as 16,777,216 kinds of colors are possible 
thereby. When a software such as a television 
image is to be projected on the screen, for exam- 

55 pie, the projection of a "rock" scene of the same 
color requires subtle difference in colors due to the 
existence of slight recesses and the like thereon, 
and the 16-gradation display is not suitable for the 
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display as close to the natural coloration ion as 
possible. However, the subtle variation in tone can 
be displayed by the gradation display in accor- 
dance with the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incor- 
porated in and form a part of the invention and 
together with the description, serve to explain the 
principle of the invention. 

Fig. 1 shows an example of a drive waveform 
in accordance with the present invention. 

Fig. 2 shows an electric photo-optical character- 
istic of the conventional electro-optical device. 

Fig. 3 shows a current-voltage characteristic of 
TFT in the case poly-silicon and amorphous silicon 
are adopted as materials used for the TFT. 

Fig 4 shows an example of a circuit of an 
active matrix electro-optical device applicable to 
the prosont invention, subject to a part of 2 x 2 
matrix structure 

Fig. 5 shows an example of a circuit of an 
active matrix electro-optical device applicable to 
the present invention, subject to a part of 2 x 2 
matrix structure. 

Fig.6 corresponding to Fig.5 shows the ar- 
rangement of an active matrix electro-optical de- 
vice applicable to the present invention. 

Figs.7{A) to (I) corresponding to the first pre- 
ferred embodiment, show schematic cross sec- 
tional views indicating the manufacturing process of 
the TFT applicable to the present invention. 

Fig. 8 and Fig.9 show schematic structure of the 
display device applicable to the electro-optical de- 
vice described in the present invention. 

Fig. 10 shows a system structure of a drive 
circuit for an electro-optical device applicable to 
the present invention. 

Fig. 11 shows a concept of gradation display in 
accordance with the conventional method. 

Fig. 12 shows the manufacturing process of for- 
ming a color fitter on the substrate of the electro- 
optical device. 

Fig. 13 corresponding to the third preferred em- 
bodiment shows the arrangement of an active ma- 
trix electro-optical device applicable to the present 
invention. 

Figs.14(A) to (G) corresponding to the second 
preferred embodiment, show schematic cross sec- 
tional views indicating the manufacturing process of 
the TFT applicable to the present invention. 

Fig. 15 shows an example of a drive waveform 
in accordance with the present invention. 

Fig. 16 shows an example of application I the 
electro-optical device in accordance with the 
present invention, to a view finder. 

Fig. 17 shows an example of the electro-optical 
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device in accordance with the present invention, of 
a front type projection television. 

Fig. 18 shows a schematic structure of the 
electro-optical device in accordance with the 
5 present invention. 

Fig. 19 shows a system structure of a drive 
circuit of the electro-optical device applicable to the 
present invention. 

Fig. 20 shows an example of the application of 
10 the electro-optical device in accordance with the 
present invention, to a personal computer. 

Fig. 21 corresponding to the third preferred em- 
bodiment, shows the arrangement of the active 
matrix electro-optical device applicable to the 
is present invention. 

Figs.22 (A) to (G) corresponding to the third 
preferred embodiment, show schematic cross sec- 
tional views indicating the manufacturing process of 
the TFT applicable to the present invention. 
20 Fig. 23 is a circuit diagram showing an equiv- 

alent circuit in accordance with the present inven- 
tion. 

DETAILED DESCRIPTION OF THE PREFERRED 
25 EMBODIMENTS 

Preferred Embodiment 1 

In this embodiment, a wall television is manu- 

30 factured by using the liquid crystal display device 
having the circuit structure as shown in Fig.5, 
which will be described infra. The manufacturing 
process of the TFT employed as an active device 
of the electro-optical device is shown in Figs. 7 (A) 

35 through (I). Polycrystalline silicon that is subjected 
to laser annealing process is used as a semicon- 
ductor material that forms the TFT. 

The arrangement of the electrode, etc. of the 
actual electro-optical device corresponding to the 

40 circuit structure is shown in Fig.6, which shows 
only a part corresponding to 2 x 2 or less thereof 
for simplification. The drive signal waveform that is 
actually used therefor is shown in Fig.1 t which also 
shows the signal waveform of 2 x 2 matrix form for 

45 simplification. 

Referring to Fig.7, the manufacture of the liquid 
crystal panel used in accordance with the preferred 
embodiment 1 will be described. Referring to Fig.7- 
(A), a silicon oxide film is manufactured to a thick- 

50 ness of 1000-3000 angstroms as a blocking layer 
51, by magnetron RF (high frequency) sputtering, 
on the glass 50, which is not expensive, and which 
endure the heat treatment of not more than 700 
* C, e.g. of approximately 600 * C, under the pro- 

55 cess condition of oxygen 100% atmosphere, depo- 
sition temperature of 15 * C, output of 400 to 
800W, and the pressure of 0.5Pa. The deposition 
rate was 30 to 100 angstroms/minute when quartz 

4 
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or single crystalline silicon was used as a target. 

An intrinsic, or substantially intrinsic silicon film 
52 was manufactured by plasma CVD thereupon. 
The deposition temperature ranged from 250 • C to 
350 °C, and it was 320 'C in the preferred em- 
bodiment 1, using mono-silane (SiH 4 ) as a reactive 
gas, which can be replaced with disiiane (Si2Hs) or 
trisilane (Si3H 8 ). These were introduced in a PCVD 
device, and deposition was carried out by applying 
high frequency power of 13.56MHz under the pres- 
sure of 3Pa. The suitable high frequency power is 
0.02 to 0.10W/cm 2 , while 0.055W/cm 2 was adopted 
in the preferred embodiment 1 . The flow of mono- 
silane (SiH 4 ) was 20SCCM, and the deposition rate 
at the time was approximately 120 
angstroms/minute. Boron can be added to the de- 
posited film at a concentration of 1 x 10 15 to 1 x 
10 l8 cm" 3 using diborane during the deposition, in 
order to control the threshold voltage (Vth) almost 
equal between PTFT and NTFT. Sputtering or low 
pressure CVD can be employed instead of the 
plasma CVP for the deposition of the silicon layer 
that will be a channel region of TFT, and the 
methods will be described below in simplified man- 
ner. 

in the case of sputtering, the back pressure 
before sputtering was no more than 1 x 10~ 5 Pa, 
and the sputtering was performed using a single 
crystalline silicon as a target, in the atmosphere in 
which 20-80?% of hydrogen was added to argon: 
e.g. 20% of argon and 80% of hydrogen_ The 
deposition temperature was 150*C, and the fre- 
quency was 13.56MHz, while the sputtering output 
was 400-800W, and the pressure was 0.5Pa. In the 
case of low pressure CVD, deposition was carried 
out by supplying disiiane (Si2He) or trisilane(Si3Hs) 
to a CVD device, at a temperature of 450-550 • C, 
100 to 200 °C lower than that for crystallization, 
e.g. at 530 *C. The pressure inside of the reactor 
was 30-300Pa, while the deposition rate was 50- 
250 angstroms/minute. 

Oxygen in the film formed in these manner is 
preferably not more than 5 x lO^atoms'cm -3 . It is 
preferred that the oxygen concentration be not 
more than 7 x 10 19 atoms*cm~ 3 desirably no 
more than 1 x 10 19 atoms* cm" 3 , in order to pro- 
mote crystallization, however, if it is too tow, cur- 
rent leakage under the OFF condition of TFT is 
increased due to the illumination of the back light 
or the electro-optical device, whereas, if it is too 
high, crystallization becomes difficult, and thus la- 
ser annealing temperature must be increased or 
the laser annealing time must be prolonged. The 
concentration of hydrogen was 4 x 
10 20 atoms* cm -3 , and is one atom% compared to 
the silicon supposed to be 4 x lO/^atoms'cm" 3 . 

The oxygen concentration can be not more 
than 7 x 10 19 atoms* cm" 3 or desirably no more 



than 1 x 10 19 atoms* cm -3 , so as to promote 
crystallization with regard to source or drain and 
oxygen can be added only to the channel forming 
region of the TFT that forms pixel, at concentra- 

5 tions of 5 x 10 20 to 5 x 10 21 atoms*cm~ 3 by ion 
implantation. 

A silicon film an amorphous condition was 
formed at 500 to 5000 angstroms in the above- 
mentioned manner, and at 1000 angstroms in the 

10 preferred embodiment 1 . 

Referring to Fig. 7 (B), a photoresist pattern 53 
is formed with openings formed only on the source 
and drain regions in the photoresist pattern using a 
mask P1. A silicon film 54 was manufactured there- 

75 on, which is to be an n-type activation layer, by 
plasma CVD, at the deposition temperature of 
250 *C to 350 °C, e.g. 320 *C in the preferred 
embodiment 1, using mono-silane (SiH 4 ) and 3% 
concentration of phosphine (PH3) of mono-silane 

20 base. These were introduced in the PCVD device 
at a pressure of 5Pa t and the deposition was car- 
ried out by applying a high frequency power of 
13.56MHz. The suitable high frequency power is 
0.05-0.20W/cm 2 , and it was 0.120W/cm 2 in the pre- 

25 ferred embodiment 1 . 

The electric conductivity of the n-type silicon 
layer formed in the above-mentioned manner was 
approximately 2 x WW cm)* 1 ], 

while the film thickness was 50 angstroms. The 

30 resist 53 was then removed by lift-off method, so 
as to form source, drain regions 55, 56. 

A p-type silicon semiconductor layer was 
formed using the same process. Mono-silane 
(SiH 4 ) and 5% concentration of diborane(B 2 H 6 ) of 

35 mono-silane base were used as the introduction 
gas. These were introduced in the PCVD device at 
a pressure of 4Pa ( and deposition was carried out 
by applying a high frequency power of 13.56MHz. 
The suitable high frequency power is 0.05 to 

40 0.20W/cm 2 , and 0.120W/cm 2 was adopted in the 
preferred embodiment 1. The electric conductivity 
of the p-type silicon layer formed in this manner 
was approximately 5 x 10~ 2 [(Q'cm)" 1 ], while the 
film thickness was 50 angstroms. Source, drain 

45 regions 59, 60, were formed by using the lift-off 
method in the same manner as the n-type region. 
The silicon film 52 was then etched off. using a 
mask P3, and an island region 63 for N-channel 
thin film transistor as well as an island region 64 for 

50 P channel thin film transistor were formed. 

The source, drain and channel regions were 
laser-annealed using XeCI excimer laser, while a 
laser doping was carried out to the activation layer. 
As for the laser energy at the time, a threshold 

55 energy was 1 30m J/cm 2 , whereas 220m J/cm 2 was 
required so as to melt the entire film thickness. 
When the energy of no less than 220mJ/cm 2 is 
irradiated from the start, hydrogen included in the 
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film is abruptly ejected, whereby the film is damag- 
ed. For that reason, melting has to be carried out 
after the hydrogen is primarily purged at a low 
energy. In the preferred embodiment 1. after the 
hydrogen was at first purged at 150mJ/cm 2 , cry- 
stallization was carried out at 230m J/cm 2 . 

By the annealing, the silicon film is transformed 
from an amorphous structure to the state of higher- 
order, with a part thereof being crystallized. In 
particular, a relatively higher order region of the 
silicon coated film tends to be crystallized into a 
crystalline region by the annealing. However, sili- 
con atoms are pulled with each other since bonds 
are formed between such regions by silicon atoms 
existing therebetween. Laser Raman Spectroscopy 
results show a peak shifted to the frequency lower 
than the single crystalline silicon peak of 522cm~ 1 . 
The apparent grain diameter was calculated 50 to 
500A, based on a half band width, however, in fact, 
the film comprises a lot of high crystalline regions 
which constitute a cluster structure, and clusters 
are anchored to each other in the film by bonds 
between silicon atoms. 

As a result, it can be said that substantially no 
grain boundary (hereinafter referred to as GB) ex- 
ists in the film. Since carriers can easily move 
between the respective clusters, through the an- 
chored portions, a carrier mobility higher than that 
of a poly-crystalline silicon in which a GB obviously 
exists, is achieved. Namely, Hall mobility (uh) of 
lO-200cm 2 /Vsec, electron mobility (uh) of 15- 
300cm 2 /VSec can be obtained. 

A silicon oxide film was formed as a gate 
insulating film thereon in the thickness ranging 
from 500 to 2000A, e.g., at 1000A, under the same 
condition as that for the manufacturing of the sili- 
con oxide film as a blocking layer. At the time of 
forming the film, a small amount of fluorine may be 
added thereto, so as to stabilize sodium ion. 

Further, on the upper surface thereof, a silicon 
film doped with phosphorus at 1 to 5 x 
lO^atoms'crrr 3 , or a multi-layered film comprising 
this silicon film and molybdenum (Mo), tungsten 
(W), M0S12 or WSi2 film formed thereupon, was 
formed, which was then subjected to a patterning 
process using a fourth photomask P4, and the 
structure shown in Fig.7(E) was thereby obtained. 
A gate electrode 66 for NTFT, as well as a gate 
electrode 67 for PTFT were formed: e.g. a channel 
length of 7um; and as a gate electrode P-doped Si 
of 0.2um on which molybdenum was formed at 
0.3um. 

In the case aluminum (Al) is used as a gate 
electrode material, after patterning the gate elec- 
trode material by a fourth photomask 69, anodic 
oxidation can be applied to the surface thereof. In 
this case, a self-aligning process can be employed, 
whereby the contact hole of a source and drain can 



be formed closer to the gate, and the TFT char- 
acteristic can be further improved thereby, due to 
the improved mobility as well as the reduction in 
threshold voltage. 
5 In this way, C/TFT can be manufactured with- 

out elevating the temperature not less than 400 *C, 
in every process. Therefore, it is not necessary to 
use an expensive material such as quartz for the 
substrate, and it can be said that this is a most 
10 suitable process for manufacturing the wide-screen 
liquid crystal display device in accordance with the 
present invention. 

Referring to Fig.7(F), an inter-layer insulating 
material 68 was sputtered, so as to form a silicon 

15 oxide film, in the manner described supra. The 
silicon oxide film can be formed by LPCVD, photo- 
CVD, or by atmospheric pressure CVD, at a thick- 
ness of, for example, 0.2 to 0.6um, and thereafter, 
an opening 79 for electrode was formed using a 

20 fifth photomask P5. In addition, after aluminum was 
formed by sputtering at a thickness of 0.3um 
thereupon, while a lead 74 as well as contacts 73, 
75 were manufactured using a sixth photomask P6, 
an organic resin 77 for flattening, for example, a 

25 translucent polyimide resin was applied to and 
formed on the surface, and an opening for elec- 
trode was formed again by a seventh photomask 
P7. An ITO (indium tin oxide) was formed on the 
surface thereof, at a thickness of 0.1 urn by sputter- 

30 ing, and a picture element electrode 71 was formed 
using an eighth photomask P8. The ITO was 
formed at a temperature ranging from room tem- 
perature to 150 °C, and was subjected to anneal- 
ing process at 200-400 °C in oxygen or atmo- 

35 sphere. 

The electric characteristics of P-TFT thus ob- 
tained were: mobility of 40(cm 2 Msec), Vth of -5.9- 
(V), while those of NTFT were: mobility of 80- 
(cm 2 /Vsec), and Vth of 5.0(V). 

40 In this manner, one substrate for the electro- 

optical device manufactured in accordance with the 
present invention, was obtained. 

The wirings of the electrode, etc., of the liquid 
crystal display device are shown in Fig. 6. An N- 

45 channel thin film transistor and a P-channel thin 
film transistor are provided on the intersection of a 
first signal line 3 and a second signal line 4, 
whereby the device has a matrix structure with the 
use of a modified TG type C/TFT. TFT 13 i con- 

50 nected to the second signal line 4 through a con- 
tact of an input terminal of a drain 10 t while a gate 
9 is connected to the first signal line 3. The output 
terminal of a source 12 is connected to an elec- 
trode 1 7 of the picture element through a contact. 

55 On the other hand, regarding PTFT 22, the 

input terminal of a drain 20 is connected to the 
second signal line 4 through a contact, while a gate 
21 is connected to the signal line 3, and the output 
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terminal of a source 18, to the picture element 
electrode 17 through a contact, in the same man- 
ner as NTFT. By repeating such a structure hori- 
zontally and vertically, the liquid crystal display 
device having picture elements as many as 640 x 
480, 1280 x 960, or 1920 x 400 in this embodi- 
ment, can be obtained. 

In this way, a first substrate of a pair of sub- 
strates was obtained. 

The manufacturing method of the other, or a 
second substrate is shown in Fig. 12. A striped 
color filter is provided on the substrate correspond- 
ing to each picture element. The polyimide resin 
mixed with black pigment was formed on a glass 
substrate at a thickness of 1um, by spin coating, 
and a black stripe 81 was formed using a ninth 
photomask P9. Then, the polyimide resin mixed 
with a red pigment was formed at 1um by spin- 
coating, and a red filter 83 was formed using a 
tenth photomask P10. A green filter 85 and a blue 
filter 86 were formed in the same manner, using 
masks P11, P12. Each filter was baked in nitrogen 
for sixty minutes, at a temperature of 350 'C 
during the manufacture thereof. A leveling layer 89 
was then manufactured using transparent 
polyimide, again by spin coating. 

An ITO (indium tin oxide) was then formed on 
the entire filter at a thickness of 0.1 um by sputter- 
ing, and a common electrode 90 was formed using 
a fifth photomask P13. The ITO was formed at a 
temperature ranging from room temperature to 150 
• C, and was subjected to the annealing process at 
200 to300 * C in oxygen or atmosphere, so as to 
obtain a color filter layer and the electrode 90 on 
the second substrate. 

A polyimide precursor was printed on the sub- 
strate by an offset method, was baked in a non- 
oxidating atmosphere, e.g. in nitrogen, for an hour, 
at a temperature of 350 0 C, and was subjected to 
a known rubbing method, whereby the surface con- 
dition of the polyimide was changed, and a means 
to allow for a liquid crystal molecule to be oriented 
in a certain direction at least in the initial stage was 
provided. 

The nematic liquid crystal composition was 
sandwiched by the first and the second substrates 
as described above. The periphery of the first and 
the second substrates is fixed with an epoxy adhe- 
sive. A TAB shaped driving IC and a PCB compris- 
ing common signal and electric potential wirings 
are connected to leads provided on the substrate, 
and a polarizing plate was attached to the outside 
thereof, so as to obtain a transmission type electro- 
optical device. 

A schematic diagram of the electro-optical de- 
vice in accordance with this embodiment is shown 
in Figs. 8 and 9. The liquid crystal panel 220 
manufactured in the processes described above 
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was installed by combining it with a rear part 
lighting device 221 comprising three pieces of cold 
cathode tubes arranged thereon, and was then 
connected to a tuner 223 for receiving television 

5 radio wave, so as to complete the electro-optical 
device. Since the device has a flat shape com- 
pared with the conventional one of CRT type, it can 
be installed on the wall, and the like. 

Referring to Fig. 10, the driving peripheral cir- 

10 cuit of the electro-optical device in accordance with 
the present invention will be explained: 

A driving circuit 352 is connected to, the wir- 
ings 350, 351 on the side of an information signal, 
connected to the matrix circuit of the electro-optical 

75 device. The driving circuit 352 comprises two parts 
when divided by a driving frequency system, i.e. 
one is a data latch circuit system 353, which is the 
same as in the conventionally known driving meth- 
od, and which primarily comprises a basic clock 

20 CLK signal circuit 355 for transferring the signals of 
a data signal circuit 356 in order, performing one 
bit to twelve bits parallel processing. The other is a 
part in accordance with the present invention, and 
comprises a clock 357 corresponding to the degree 

25 of division necessary for gradation display, a flip 
flop circuit 358, and a counter 360. The counter 
360 forms a bipolar pulse generation timing cor- 
responding to the gradation display data sent from 
the data latch system 353. Further, the gradation 

30 display data can be controlled in finer way, when a 
ROM table for converting At into sine is used 
between the exit of the latch circuit and a data line 
361. 

The present invention is characterized in that 

35 the clear digital gradation display is possible with- 
out changing the number of frames for re-writing 
the screen, by taking two kinds of driving fre- 
quencies. The generation of flickering and the like 
caused by the decrease in the number of frames 

40 can be prevented thereby. 

On the other hand, a driving circuit 364 con- 
nected to signal lines 363, 362 on a scanning side 
controls the sine wave transmitted from a sine 
wave oscillating circuit 365 by a flip flop circuit 366 

45 of a clock CLK 367, and the select signal is applied 
to the signal lines 363, 362. 

By digitally controlling the timing for cutting the 
sine wave signal on the scanning side by the 
bipolar pulse on the information side, gradation 

so display is possible. 

When an analogue gradation display is carried 
out in a normal mode for the electro-optical device 
comprising, for example, 768,000 pairs of TFTs of 
1920 x 400 dots formed into a 300mm square, the 

55 variation in characteristics of the TFTs becomes 
±10% as a whole, and thus a gradation display 
having 16 gradation levels is an upper limit, where- 
as, when a digital gradation display is carried out in 

7 
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accordance with the present invention, it is hardly 
affected by the variation in characteristics of TFTs, 
and a gradation display having 64, gradation levels 
is thus possible for the electro-optical device of the 
same size, while various and subtle expression of 
262,144 kinds of colors is achieved in color dis- 
play. 

Preferred Embodiment 2 

The formation of a view finder for a video 
camera utilizing an electro-optical device having a 
diagonal of one inch in accordance with this sec- 
ond preferred embodiment 2 will be described be- 
low. 

In this embodiment, the number of picture ele- 
ments was 387 x 128, and the device was formed 
using a high mobility TFT obtained by a low tem- 
perature process, so as to form the view finder. 
The arrangement of the active device on the sub- 
strate of the liquid crystal display device used in 
this embodiment is shown in Fig. 13, and the 
manufacturing process of the TFT part is shown in 
Fig. 14 in such a way that each corresponds to A-A* 
cross section and B-B' cross section shown in 
Fig. 13. Referring to Fig. 14(A), a silicon oxide film is 
manufactured at a thickness of 1000 to 3000A as a 
blocking layer 51 by magnetron RF(high frequen- 
cy) sputtering, on the inexpensive glass substrate 
50 that bears heat treatment of no more than 700 
*C. e.g. approximately 600 * C. The conditions for 
the process are: 100% oxygen atmosphere, forma- 
tion temperature of 15 0 C, output of 400 to 800W, 
and pressure was 0.5Pa. The formation rate using 
quartz or single crystalline silicon as a target was 
30 to lOOA/min. 

A silicon film was then formed thereon by 
LPCVD(low pressure chemical vapor deposition), 
sputtering, or by plasma CVD. When the low pres- 
sure chemical vapor deposition was employed, film 
formation was carried out by supplying disilane 
(St2H 6 ) or trisilane (Si3H 8 ) to a CVD device, at a 
temperature of 450 to 550 °C, 100 to 200 °C 
lower than the temperature for crystallization, e.g. 
at 530 'C. The pressure in a reactor was 30 to 
300Pa, while the film formation rate was 50 to 
250A/min. Boron may be added to the film using 
diborane at a concentration of 1 x 10 15 to 1 x 
10 1S atoms •cm" 3 , during the manufacture thereof, 
in order to control the threshold voltages (Vth) for 
PTFT and NTFT almost of the same. 

In the case of the silicon film formation by 
sputtering, the back pressure before sputtering was 
not more than 1 x 10~ s Pa, and the formation was 
carried out in the atmosphere comprising 20 to 
80% of hydrogen mixed with argon; e.g. argon 
20% and hydrogen 80%, using single crystalline 
silicon as a target. The formation temperature was 
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150 *C, and the frequency of high frequency pow- 
er applied thereto was 13.56MHz, sputtering output 
was 400 to 800W, and the pressure was 0.5Pa. 
Silicon film formation by plasma CVD was car- 

5 ried out at a temperature of, for example, 300 ° C, 
using mono-siiane(SihU) or disilane(Si2HG), which 
were introduced in a PCVD device, and high fre- 
quency power of 13.56MHz was applied thereto, so 
as to carry out film formation. 

10 Oxygen in the film formed by these methods is 

preferably not more than 5 x 10 21 cm~ 3 . If the 
oxygen concentration is too high, crystallization is 
hard to occur, and the temperature of thermal 
annealing has to be elevated, or else, the time of 

75 thermal annealing has to be longer. If the con- 
centration is too low, the leakage current in an OFF 
state is increased due to the back light. For that 
reason, the concentration range was defined from 4 
x 10 19 to 4 x 10 21 atoms •cm -3 . Hydrogen con- 

20 centration was 4 x 10 20 atoms* cm -3 , or one atom% 
compared to the silicon of 4 x 10 22 atoms*cm~ 3 . 

After a silicon film is amorphous state was 
manufactured at a thickness of 500 to 5000A. e.g. 
at 1500 A, in the manner described above, middle 

25 temperature heat treatment was carried out in a 
non-oxidating atmosphere at a temperature of 450 
to 700 tf C, for 12 to 70 hours, for example, the film 
was maintained at a temperature of 600 " C in a 
hydrogen atmosphere. Since the silicon oxide film 

30 is amorphous structure is formed on the substrate 
surface under the silicon film, a specific nucleus 
does not exist due to the heat treatment, and the 
entire body is uniformly thermal-annealed. Namely, 
amorphous structure is retained during the manu- 

35 facture of the film, and hydrogen is simply mixed 
therein. 

The silicon film was transformed from the 
amorphous structure into the state of higher order, 
through the annealing, with a part thereof being 

40 crystallized. In particular, a relatively higher order 
region of the silicon coated film tends to be cry- 
stallized into a crystalline region by the annealing. 
However, silicon atom are pulled with each other 
since bonds are formed between such regions by 

45 silicon atoms existing therebetween. Laser Raman 
Spectroscopy results show a peak shifted to the 
frequency lower than the single crystal silicon peak 
of 522cm -1 . The apparent grain diameter thereof is 
calculated 50-500A, based on a half band width, 

so seemingly like the case of a micro-crystal, how- 
ever, actually, a film in semi-amorphous structure 
was formed including therein high crystalline re- 
gions constituting a cluster structure, clusters being 
anchored to each other by bonds between silicon 

55 atoms. 

As a result, it can be said that substantially no 
GB exits in the film. Since carriers can easily move 
between each cluster through the anchored por- 
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tions, mobility higher than that of polycrystalline 
silicon in which GB obviously exists, is obtained. 
Namely, Hall mobility (uh) of 10 to 200cm 2 /Vsec, 
electron mobility (ue) of 15 to 300cm 2 /Vsec can be 
obtained. 

When polycrystallization of the film is carried 
out by high temperature annealing process at 900- 
1200 °C, instead of the above-mentioned middle 
temperature annealing process, segregation of im- 
purities in the film occurs due to the solid growth 
from nucleus, whereby impurities such as oxygen, 
carbon, nitrogen are increased in the GB, and, 
although the mobility in crystal is higher, the move- 
ment of carriers is hindered by a barrier formed by 
the GB. Consequently, the mobility no less than 10 
cm 2 /Vsec cannot be achieved in practice. From 
that reason, the silicon semiconductor having semi- 
amorphous or semi-crystalline structure is used in 
this embodiment. 

Referring to Fig. 14(A), a silicon film is photo- 
etched by a first photomask P14, and a region 13 
(channel width of 20um for NTFT was manufac- 
tured on the side of the A-A' cross section shown 
in the figure, while a region 22 for PTFT on the 
side of B-B* cross section. 

A silicon oxide film was formed thereon at a 
thickness of 500 to 2000A, e.g. at 1000A, as a gate 
insulating film. The manufacture thereof was car- 
ried out under the same conditions for those ap- 
plied for the manufacture of the silicon oxide film 
as a blocking layer. A small amount of fluorine may 
be added during the manufacture thereof, so as to 
stabilize sodium ion. 

On the upper surface thereof, a silicon film 
doped with phosphorus at 1 to 5 x 
10 21 atoms*cm~ 3 , or a multi-layered film comprising 
this silicon film and molybdenum (Mo), tungsten 
(W), MoSi2 or WSi2 film formed thereupon, was 
formed, which was then subjected to a patterning 
process using a second photomask P15, and the 
structure shown in Fig. 14(B) was thereby obtained. 
A gate electrode 9 for NTFT, as well as a gate 
electrode 21 for PTFT were formed. In this embodi- 
ment, as a gate electrode P-doped Si of 0.2um and 
molybdenum of 0.3u.m thereon were formed and 
channel length of the NTFT was 10um and channel 
length of the PTFT was 7um. Referring to Fig. 14- 
(C), boron was ion-doped at a dose of 1 to 5 x 
I0 15 cm" 2 , to a source 18 and a drain 20 for PTFT. 
Referring to Fig. 14(D), then, a photoresist 61 was 
formed using a photomask P16. Phosphorus was 
ion-doped at a dose of 1 to 5 x I0 15 cm 2 , as a 
source 10 and a drain 12 for NTFT. 

In the case aluminum (Al) is used as a gate 
electrode material, after patterning the gate elec- 
trode material by a second photomask P15, anodic 
oxidation can be applied to the surface thereof. In 
this case, a self-aligning process can be employed, 
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whereby the contact hole of a source and drain can 
be formed closer to the gate, and the TFT char- 
acteristic can be further improved thereby, due to 
the improved mobility as well as the reduction in 
5 threshold voltage. 

Thermal annealing process was again carried 
out at 600 °C, for 10 to 50 hours. By activating 
impurities, a source 10, a drain 12 of NTFT and a 
source 18, a drain 20 of PTFT were manufactured 
10 as P* type and N* type. Channel forming regions 
19, 11 are formed as semi-amorphous semicon- 
ductors, under gate electrodes 21, 9. 

In this way, C/TFT can be manufactured with- 
out elevating the temperature not less than 700 * C 
is in every process. 

Therefore, it is not necessary to use an expen- 
sive material such as quartz for the substrate, and 
this is a most suitable process for manufacturing 
the wide-screen liquid crystal display device in 
20 accordance with the present invention. 

The thermal annealing process was carried out 
twice in this embodiment, as shown in Fig. 14 (A), 
(D). However, the annealing process shown in 
Fig. 14(A) may be omitted dependent upon the de- 
25 sired characteristics, and the manufacturing time 
can be shortened by replacing these two annealing 
processes with only one annealing process shown 
in Fig.14(D). 

Referring to Fig. 14(E), a silicon oxide film 65 
30 was formed as an interlayer insulating film by sput- 
tering as described supra. The silicon oxide film 
can be formed by LPCVD, photo-CVD, or by at- 
mospheric pressure CVD. The thickness thereof 
was, for example, 0.2 to 0.6um. Thereafter, an 
35 opening 66 for electrode was formed using a 
photomask P17. Aluminum was then sputtered on 
the surface of the entire structure, as shown in 
Fig. 14(F), and after a lead 71 as well as a contact 
72 was manufactured using a photomask P18, an 
40 organic resin 69 for flattening, for example, a trans- 
lucent polyimide resin was applied to and formed 
on the surface thereof, and an opening for elec- 
trode was formed again by a photomask P19. 

An ITO (indium tin oxide) was formed by sput- 
45 tering, so as to form two TFTs in a complementary 
structure, and to connect the output terminal there- 
of to one picture element electrode of the liquid 
crystal device, as a transparent electrode. It was 
then etched using a photomask P20, and an elec- 
50 trode 17 was formed thereby. The ITO was formed 
at a temperature ranging from room temperature to 
150 *C and then annealed at 200 to 400 "C in 
oxygen or atmosphere. The electric characteristics 
of the TFT thereby obtained were: mobility of 20- 
55 (cm 2 /Vsec), Vth of -5.9(V) For PTFT: and mobility 
of 40(cm 2 /Vsec), and Vth of 5.0(V) for NTFT. 

In this manner, one substrate for the liquid 
crystal device was manufactured. The arrangement 
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of thee electrode, etc., of the liquid crystal display 
device is shown in Fig. 13. NTFT 13 and PTFT 22 
were provided on the intersection of a first signal 
line 3 and a second signal line 4, whereby the 
device has a matrix form using C/TFT. NTFT 13 is 
connected to the second signal line 4 through the 
contact of the input terminal of a drain 10, while a 
gate 9 is connected to the signal line 3 forming a 
multi-layered wiring. The output terminal of a 
source 12 is connected to an electrode 17 of the 
picture element through a contact. 

On the other hand, regarding PTFT 22, the 
input terminal of a drain 20 is connected to the 
second signal line 4 through a contact, while a gate 
21 is connected to the signal line 3, and the output 
terminal of a source 18, to the picture element 
electrode 17 through a contact, in the same man- 
ner as NTFT. This embodiment is formed by re- 
peating such a structure horizontally and vertically. 

An ITO(indium tin oxide) was then formed by 
sputtering on the soda-lime glass plate on which a 
silicon oxide film was formed by sputtering at a 
thickness of 2000A. The ITO was formed at a 
temperature ranging from room temperature to 1 50 
* C, and was subjected to the annealing process at 
200 to 300 * C in oxygen or atmosphere. A color 
filter layer was then formed thereon in the same 
manner as described in the Preferred Embodiment 
1 to obtain a second substrate. 

A polyimide precursor was then printed on the 
substrates by an offset method, and was baked in 
a non-oxidation atmosphere, e.g. in nitrogen, for an 
hour, at a temperature of 350 0 C. It was then 
subjected to a known rubbing method, so as to 
change the surface condition of the polyimide, and 
a means to allow for a liquid crystal molecule to be 
oriented in a certain direction at least in the initial 
stage was provided. 

The nematic liquid crystal composition was 
sandwiched by the first and the second substrates 
as described above, after fixing the periphery of 
the first and second substrates by an epoxy adhe- 
sive. Since the pitch of the leads on the substrate 
was as fine as 46um, connection was made by a 
COG method. In this embodiment, a gold bump 
provided on an IC chip was connected by an epoxy 
silver palladium, and the IC chip and the substrate 
were buried and fixed by epoxy metamorphic 
acrylic resin for solidification and the sealing of 
these. A polarizing plate was then attached to the 
outside thereof, and a transmission type liquid cry- 
stal display device was obtained. 

The driving waveform used in this embodiment 
is shown in Fig. 15. In this embodiment, a ramp 
wave is used as shown in Fig. 15. Formation of a 
ramp wave is easy and it is easy to convert original 
gradation data into At in the ramp wave. Fig. 16 
shows a view finder in accordance with this em- 



bodiment and a video camera utilizing the view 
finder. The video camera comprises the electro- 
optical device 370 manufactured in the manner 
described supra and a cold cathode tube 371 hav- 

5 ing flat emission. 

When an analogue gradation display is carried 
out in a normal mode for the electro-optical device 
comprising, for example, 49,152 pairs of TFTs of 
384 x 128 dots formed into a 50mm square (which 

70 is obtained by dividing a substrate of 300 mm 
square into 36 pieces), the variation in TFTs char- 
acteristics is ±10% as a whole, and a gradation 
display having 16 gradation levels is thus an upper 
limit, whereas, when a digital gradation display is 

15 carried out in accordance with the present inven- 
tion, it is hardly affected by the variation in TFTs 
characteristics, and a gradation display having 128 
gradation levels is thereby possible, while various 
and subtle expression of 2,097,152 kinds of colors 

20 is achieved in a color display mode. 

Preferred Embodiment 3 

In this embodiment, a projection type image 
25 display device as shown in Fig. 17 will be ex- 
plained. 

In this embodiment, the image projecting part 
for the projection type image display device was 
assembled by three electro-optical devices 201. 

30 Each of devices 201 has a 640 x 480 dots, and 
307,200 picture elements were manufactured in a 
four-inch diagonal: the size per one picture element 
was 127um square. 

As the structure of the projection type image 

35 display device, the electro-optical devices 201 
were installed by dividing into three elementary 
colors of red, green, and blue: it comprises a red 
filter 202, a green filter 203, a blue filter 204, a 
reflecting plate 205, prism mirrors 206, 207, a 

40 metal halide light source 208 of 150W, and an 
optical system 209 for focusing. 

The substrate of the electro-optical device in 
accordance with this embodiment was the same as 
that manufactured in the manner described in the 

45 Preferred Embodiment 2, and has a matrix circuit 
of C/MOS structure. The liquid crystal material 
used in this embodiment was of dispersion type or 
polymer dispersion type. 

A schematic diagram is shown in Fig. 18. A 

so mixture comprising a fumaric acid polymer resin 
and a nematic liquid crystal at a ratio of 65 :35 
mixed in a common solvent of xylene was formed 
on the substrate 210 at a thickness of 10um by a 
die-cast method. Then, the solvent was removed in 

55 nitrogen atmosphere at a temperature of 120 * C, 
for 180 minutes, and a liquid crystal dispersion 
layer 211 was formed thereby. Conduct time can 
be shortened by reducing the pressure slightly 
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lower than atmosphere. 

An ITO(indium tin oxide film) was formed by 
sputtering, so as to obtain a counter electrode 212. 
The ITO was formed at a temperature ranging from 
room temperature to 150 °C. A translucent silicon 
resin was applied thereon at a thickness of 30um, 
by printing, and was baked for thirty minutes at 100 
° C, so as to obtain the electro-optical device. 

The driving IC used in this embodiment is 
shown in Fig. 19. The structure of the information 
electrode side is the same as described in the 
Preferred Embodiment 1. In a driving circuit 400 
connected to the wirings 406, 407 on scanning 
side, the ramp wave transmitted from a ramp wave 
oscillating circuit 405 is controlled by flip flop cir- 
cuits 403, 404 of a clock CLK 408, and a select 
signal is added thereto. 

A gradation display is possible by digitally con- 
trolling the timing for cutting the ramp wave on the 
side of a scanning line by a bipolar pulse on the 
side of an information line. 

For example, when a gradation display is per- 
formed in a normal analogue mode for the electro- 
optical device comprising 307,200 pairs of TFTs of 
640 x 480 dots formed in 300mm square, 16 gra- 
dation levels are an upper limit due to the variation 
in TFT characteristics of approximately ±10%. In 
the case of digital gradation display in accordance 
with the present invention, however, since it is 
hardly affected by the variation in characteristics of 
TFT devices, a gradation display having 256 grada- 
tion levels is possible, while a various and subtle 
display of as many as 16,777,216 kinds of colors is 
possible. 

The electro-optical device can be applied not 
only to a front type projection television as illus- 
trated in Fig. 17, but also to a rear type projection 
television. 

Preferred Embodiment 4 

In this embodiment, an electro-optical device 
for portable computer was manufactured using a 
reflection type liquid crystal dispersion display de- 
vice as shown in Fig.20, and the explanation there- 
of will be herein made: 

The first substrate used in this embodiment 
was the same as that manufactured in the process 
in accordance with the Preferred Embodiment 1. A 
nematic liquid crystal and a fumaric acid polymer 
resin mixed therein 15% of a black pigment at a 
ratio of 35 : 65 were dissolved in a common 
solvent of xylene. The solution was applied on the 
substrate 210, at a thickness of 10um, by a die- 
cast method. The solvent was then removed in 
nitrogen atmosphere at 120 ° C, for 180 minutes, 
and a liquid crystal dispersion layer 211 was 
formed thereby. 
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As the black pigment is used therein, black 
color appears at the time of light scattering or at 
the time of application of no electric field, while 
white color is displayed in a transmission state or 

5 at the time of application of electric field, whereby 
a flat display that was difficult for a dispersion type 
liquid crystal display is possible like that of the 
letter written on a sheet of paper. 

An ITO(indium tin oxide film) was then formed 

70 by sputtering, so as to obtain a counter electrode 
212. The ITO was formed at a temperature ranging 
from room temperature to 150 W C. A white-colored 
silicon resin was applied thereon at a thickness of 
55um, by printing, and was baked for ninety min- 

75 utes at a temperature of 100 °C, so as to obtain 
the electro-optical device. 

As a modification of this embodiment, no black 
pigment was contained in the liquid crystal disper- 
sion layer 211. In this case, the rear surface has to 

20 be made black. In this case, white color appears at 
the time of light scattering, while black color is 
displayed in a transmission state. A flat display was 
possible like that of the letter written on a sheet of 
paper. 

25 

Preferred Embodiment 5 

In this embodiment, an electro-optical device 
provided with modified transfer gate TFTs in com- 

30 plementary structure for one picture element was 
manufactured by anodic oxidation technique, as 
shown in Fig.21. The manufacture of the TFTs in 
accordance with this embodiment is basically the 
same as that in accordance with the first preferred 

35 embodiment, and its processes proceed almost in 
the same manner as shown in Fig.7, however, 
since the anodic oxidation technique was employed 
as mentioned above, metallic material was used as 
a gate electrode material, so as to utilize the an- 

40 odic oxidation film thereof as a part of an insulating 
film, whereby manufacturing process was slightly 
changed. 

Referring to Fig.21, PTFT 95 and NTFT 96 are 
connected to a common gate wiring 107 at gate 

45 terminals thereof, and one of source and drain 
regions of the PTFT and one of source and drain 
regions of the NTFT are connected together and 
connected to the other signal line 102. The other 
one of the source and drain regions of the NTFT 

so are connected to a common picture element elec- 
trode 108. 

Referring to Figs.22(A) to 22(G), a silicon oxide 
film as a blocking layer 99 was manufactured on 
the glass substrate 98, at a thickness of 1000 to 
55 3000A, by magnetron RF (high frequency) sputter- 
ing. The conditions for the process are: 100% 
oxygen atmosphere, film formation temperature of 
1 5 • C, output of 400 to 800W, and the pressure of 
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0.5Pa. The film formation rate was 30 to 100 A/min. 
using quartz or single crystalline silicon as a target. 

A silicon film 97 was formed thereon by 
LPCVD (low pressure chemical vapor deposition), 
sputtering, or by plasma CVD. 5 

Referring to Fig.22(A), the silicon film was 
photo-etched using a first photomask P21, and a 
region for PTFT was manufactured on the left hand 
side of the figure, as well as that for NTFT on the 
right hand side thereof. n 

A silicon oxide film as a gate insulating film 
103 was formed thereon at a thickness of 500 to 
2000A, e.g. at 700A. The manufacture thereof was 
carried out under the same conditions employed 
for the silicon oxide film 99 as a blocking layer. 7s 

The alloy of aluminum and silicon was formed 
thereon as a material for a gate electrode 107, at a 
thickness of 3000A to 1.5um, e.g. at 1um, by a 
known sputtering method. 

As the material for the gate electrode beside 20 
aluminum silicide, molybdenum (Mo), tungsten 
(W), titan (Ti), tantalum (Ta), chromium (Cr), or an 
alloy of these material or an alloy of silicon and 
these material, or a multi-layered film comprising a 
silicon layer and a layer of these metal can be 25 
used. 

Further, a silicon oxide film was formed as an 
insulating film 106, at a thickness of 3000A to 1am, 
or at 6000A in this embodiment, by sputtering, on 
the gate electrode material. Then, the insulating 30 
film 106 and the gate electrode 107 were subjected 
to a patterning process using a second photomask 
P22, and the gate electrode 107 as well as the 
insulating film 106 were formed as shown in Fig.22- 

< B >- 35 

The substrate was then dipped in an AGW 
electrolytic solution in which propylene glycol wag 
added to a 3% of tartaric acid solution at a ratio of 
9:1, while the gate electrode of aluminum silicide 
was connected to the anode of a power source, 40 
and dc power was applied thereto with platinum 
used as a cathode, Each of the gate electrodes 
was connected to corresponding gate wiring and all 
the gate wirings are connected by a terminal in the 
vicinity of an end part of the substrate and an 4s 
anodic oxidation film 100 was formed in the vicinity 
of the side surface of the gate electrode by anodic 
oxidation, as shown in Fig.22(C). 

As the solution used for the anodic oxidation, 
typically, a strong acid solution such as sulfuric so 
acid, nitric acid, phosphoric acid, or a mixed acid 
such as tartaric acid or citric acid mixed with eth- 
ylene glycol or propylene glycol, can be used. Salt 
or alkali solution may be mixed thereto, in order to 
adjust pH of the solution, when required. 55 

The anodic oxidation was carried out as fol- 
lows: after current was run at the current density of 
2.5mA/cm 2 in a constant current mode, for thirty 



minutes, then five minutes of process in a constant 
voltage mode followed, so as to form an aluminum 
oxide film of 2500A in the vicinity of the side 
surface of the gate electrode. When the insulating 
characteristic of the aluminum oxide was measured 
using a sample manufactured under the same con- 
ditions employed for this oxidation process, re- 
sistivity was 10 9 ohm* meter, and dielectric 
strength was 2 x 10 5 V/cm. 

The observation of the surface of the sample 
by a scanning electron microscope revealed un- 
evenness on the surface in an approximately 8000 
magnifying power mode, however, no fine hole was 
observed, which means the evidence of a good 
insulating film. 

After an insulating film 103 on the semiconduc- 
tor was removed by etching as shown in Fig.22(D), 
boron was ion-implanted at a dose of 1 to 5 x 
10 15 cm~ 2 as an impurity for PTFT, on the entire 
surface of the substrate. The doping was carried 
out at a concentration of approximately 10 19 
atoms* cm -3 , so as to form a source, drain region 
of PTFT. In this embodiment, ion doping was car- 
ried out after the insulating film on the surface was 
removed, however, if the conditions for ion-im- 
plantation are changed, doping is possible through 
the insulating film 103 on the semiconductor film. 

A photoresist 110 was formed using a third 
photomask P23 as shown in Fig.22(E), and after a 
PTFT region was covered therewith, phosphorus 
was ion-implanted at a dose of 1 to 5 x I0 15 cm" 2 , 
to the source and drain region for NTFT, so as to 
obtain a dope concentration of approximately 
10 20 atoms* cm" 3 . In the ion doping process as 
described above, the ion-implanting direction was 
set oblique to the substrate, in order to allow for 
the impurity to penetrate into a portion of the 
semiconductor under the anodic oxidation film in 
the vicinity of the gate electrode, so as to make the 
end of the source and drain regions 104, 105 
almost identical with the end of the gate electrode. 
Sufficient insulating function is thereby expected 
for an anodic oxidation film 100 to an electrode 
wiring to be formed in a following process, and it is 
thus not necessary to form another insulating film. 

Activation process was carried out by irradiat- 
ing a laser beam to the source and drain regions. 
Since the activation process was carried out in- 
stantaneously, at the time, it is not necessary to 
consider the diffusion of the metallic material used 
for the gate electrode, and TFT of high reliability 
was manufactured. 

Aluminum was formed on the entire surface 
thereof by sputtering, and after an electrode lead 
102 was obtained by patterning using a fourth 
mask P24, the semiconductor which does not over- 
lap with an electrode 102, an insulating film 106 on 
the gate electrode 107, and the anodic oxidation 
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film 100 in the vicinity of the side surface of the 
gate electrode 107 was etched off, and a complete 
device separation was carried out so as to com- 
plete TFT. In this manufacturing method, com- 
plementary TFTs were manufactured using four 
pieces of masks, which is shown in Fig. 22(F). 

Referring to Fig.22(G), to achieve complemen- 
tary TFTs, and to connect the output terminal 
thereof to one picture element electrode of the 
liquid crystal device as a transparent electrode, an 
ITO (indium tin oxide film) was formed by sputter- 
ing, and was etched using a fifth photomask ©, so 
as to form a picture element electrode 108. 

In this way, modified transfer gate TFTs having 
arrangement and structure as shown in Fig. 21 (A), 

(B) , (C), were completed. Fig.21(B) is a cross sec- 
tional view corresponding to a F-F 1 cross section 
shown in Fig.21(A), while Fig.21(C) is a cross sec- 
tional view corresponding to an E-E f cross section 
shown in Fig.21(A). As clearly shown in Fig.21(B), 

(C) , the interlayer insulating film 106 invariably ex- 
ists on the gate electrode 107, and it works suffi- 
ciently as an interlayer insulating means at an 
intersection of the lead part of a gate wiring 107 
and that of a source or drain wiring 102, whereby 
the generation of wiring capacity at the intersection 
was able to be suppressed. 

In this embodiment, complementary TFTs hav- 
ing structure in which the capacity in the vicinity of 
wirings is less, and the fear of short-circuit in the 
vicinity of the gate insulating film is less could be 
formed using masks fewer than those used in the 
first preferred embodiment, without employing a 
higher-grade process technique such as an an- 
isotropic etching to provide an active element sub- 
strate. 

The substrate formed in the manner described 
above was used as a first substrate and a second 
substrate (counter substrate) was formed by for- 
ming a counter electrode on a substrate and further 
forming an orientation control film thereon. The first 
and second substrates were joined with each other 
and an STN type liquid crystal was injected be- 
tween the first and second substrate by a known 
technique. An active matrix type STN liquid crystal 
electro-optical device was then completed. 

The applications to the electro-optical device 
were described in the above examples, however, 
the present invention is not limited thereto and the 
application to other devices or to a three-dimen- 
sional integrated circuit device, and so on, is also 
possible. 

The manufacture of TFT device was possible 
in this embodiment, using masks much fewer than 
those used in the conventional method. By apply- 
ing the device of this structure to the manufacture 
of a semiconductor appliance, as the number of 
mask was reduced, a manufacturing process was 
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simplified and a production yield was improved, 
whereby a semiconductor application device was 
offered at a more inexpensive manufacturing cost. 
In this embodiment, the anodic oxidation film 
5 was formed on the surface of the metal gate elec- 
trode by the anodic oxidation and a three-dimen- 
sional wiring having a grade separation was pro- 
vided thereon which was used for a gate electrode 
material, and which was provided on the surface 
10 thereof. Also, by exposing the contact part alone of 
a source and drain from the gate electrode and the 
anodic oxidation film, a feeding point is made clos- 
er to the channel and thereby the deterioration in 
the frequency characteristic of the device, and the 
15 increase in ON resistance were prevented. 

In the case aluminum was used as a gate 
electrode material, as in this embodiment, H 2 in the 
gate oxidation film was reduced into H by the 
catalytic effect of aluminum, at the time of anneal- 
20 ing process -during device formation, and an inter- 
facial level density (Q S s) was reduced much com- 
pared with the case a silicon gate was used in- 
stead, and a device characteristic was thereby im- 
proved. 

25 Since source and drain regions of TFT were 

self-aligned, and the contact part of the electrode 
fed to the source and drain regions was also posi- 
tioned in a self-aligning manner, the area of the 
device required for TFT was reduced, and the 
30 circuit integration was improved thereby. When 
TFT was used as an active device of the electro- 
optical device, the aperture ratio of liquid crystal 
panel was increased. 

The anodic oxidation film in the vicinity of the 
35 side surface of the gate electrode was positively 
used, and TFT of characterized structure was of- 
fered thereby, and the manufacture of TFT could 
be carried out using the fewest possible masks of 
at least two pieces. 
40 The foregoing description of preferred embodi- 

ments has been presented for purposes of illustra- 
tion and description. It is not intended to be ex- 
haustive or to limit the invention to the precise form 
described, and obviously many modifications and 
45 variations are possible in light of the above teach- 
ing. The embodiments were chosen in order to 
explain most clearly the principles of the invention 
and its practical application thereby to enable oth- 
ers in the art to utilize most effectively the inven- 
so tion in various embodiments and with various modi- 
fications as are suited to the particular use con- 
templated. Examples of such modifications are as 
follows. 

The present invention can be applied to an 
55 electro-optical device having a circuit shown in 
Fig.23. The circuit is the same as that shown in 
Fig. 4 except that a capacitor is provided on the 
substrate and connected to each pixel in parallel 
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with the liquid crystal of the corresponding pixel as 
shown in Fig.23. 

A nematic liquid crystal, a cholesteric liquid 
crystal, a ferroelectric liquid crystal or an anti- 
ferroelectric liquid crystal can be used for a liquid 
crystal layer provided between a pair of substrates 
in an electro-optical device of the present invention. 

Claims 



1. An electro-optical device comprising: 

a substrate; 

an electro-optical modulating layer pro- 
vided on said substrate; 

a pixel electrode provided on said sub- 75 
strate; 

a first signal line provided on said sub- 
strate; 

a second signal line provided on said sub- 
strate; 20 

a p-channel transistor provided on said 
substrate and connected to said pixel elec- 
trode at one of source and drain terminals of 
said p-channel transistor, to said second signal 
line at the other one of the source and drain 25 
terminals, and to said first signal line at a gate 
terminal of said p-channel transistor; 

an n-channel transistor provided on said 
substrate and connected to said pixel elec- 
trode at one of source and drain terminals of 30 
said n-channel transistor, to said second signal 
line at the other one of the source and drain 
terminals of said n-channel transistor, and to 
said first signal line at a gate terminal of said 
n-channel transistor; 35 

means for applying a reference signal 
whose signal level varies during duration of 
said reference signal to one of said first and 
second signal lines at said period of T; and 

means for supplying a select signal to said 40 
complementary transistor pair through the oth- 
er one of said first and second signal lines 
during said period of T by controlling time at 
which said select signal is applied to the other 
one of said first and second signal lines. 45 

2. The device of claim 1 wherein said electro- 
optical modulating layer comprises a liquid 
crystal selected from the group consisting of a 
nematic liquid crystal, a cholesteric liquid cry- 50 
stal, a ferroelectric liquid crystal and an anti- 
ferroelectric liquid crystal. 



signal comprises a wave selected from the 
group consisting of a sine wave, cosine wave, 
a chopping wave and a ramp wave. 

5 5. The device of claim 1 wherein said select 
signal comprises two pulses having opposite 
polarity. 

6. The device of claim 1 further comprising an- 
70 other substrate provided on said electro-optical 

modulating layer with another electrode pro- 
vided therebetween. 

7. An electro-optical device comprising: 
a substrate; 

an electro-optical modulating layer pro- 
vided on said substrate; 

a plurality of pixel electrodes provided on 
said substrate; 

a plurality of first signal lines provided on 
said substrate; 

a plurality of second signal lines provided 
on said substrate; 

a plurality of complementary transistor 
pairs provided on said substrate, each pair 
comprising a p-channel and an n-channel tran- 
sistor and connected to corresponding one of 
said pixel electrodes at one of source and 
drain terminals of said n-channel transistor and 
at one of source and drain terminals of said p- 
channel transistor, to corresponding one of 
said first signal lines at gate terminals of said 
p-channel transistor and said n-channel transis- 
tor, and to corresponding one of said second 
signal lines at the other one of the source and 
drain terminals of said p-channel transistor and 
at the other one of the source and drain termi- 
nals of said n-channel transistor; 

means for supplying a reference signal 
whose signal level varies during duration of 
said reference signal to each of said com- 
plementary transistor pairs through one of the 
first and second signal lines connected thereto 
at said period of T; 

means for supplying a select signal to 
each of said complementary transistor pairs 
through the other one of the first and second 
signal lines connected thereto during said pe- 
riod of T by controlling time at which said 
select signal is applied to the other one of said 
first and second signal lines. 



3. The device of claim 1 wherein said electro- 
optical modulating layer comprises a liquid 
crystal dispersed in an organic resin. 

4. The device of claim 1 wherein said reference 



8. The device of claim 7 wherein said electro- 
optical modulating layer comprises a liquid 
55 crystal selected from the group consisting of a 

nematic liquid crystal, a cholesteric liquid cry- 
stal, a ferroelectric liquid crystal and an anti- 
ferroelectric liquid crystal. 
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9. The device of claim 7 wherein said electro- 
optical modulating layer comprises a liquid 
crystal dispersed in an organic resin. 

10. The device of claim 7 wherein said reference 
signal comprises a wave selected from the 
group consisting of a sine wave, cosine wave, 
a chopping wave and a ramp wave. 

11. The device of claim 7 wherein said select 
signal comprises two pulses having opposite 
polarity. 

12. The device of claim 7 further comprising an- 
other substrate provided on said electro-optical 
modulating layer with another electrode pro- 
vided therebetween. 

13. A method for driving an electro-optical device 
comprising: 

a substrate; 

an electro-optical modulating layer pro- 
vided on said substrate; 

a pixel electrode provided on said sub- 
strate; 

a first signal line provided on said sub- 
strate; 

a second signal line provided on said sub- 
strate; 

a complementary transistor pair provided 
on said substrate and comprising a p-channel 
transistor and an n-channel transistor and con- 
nected to said pixel electrode at one of source 
and drain terminals of said p-channel transistor 
and at one of source and drain terminals of 
said n-channel transistor, to said second signal 
line at the other one of the source and drain 
terminals of said p-channel transistor and at 
the other one of the source and drain terminals 
of said n-channel transistor, and to said first 
signal line at gate terminals of said p-channel 
and n-channel transistors, 

said method comprising the steps of: 

applying a reference signal whose signal 
level varies during duration of said reference 
signal to one of said first and second signal 
lines at said period of T; and 

supplying a select signal to said comple- 
mentary transistor pair through the other one 
of said first and second signal lines during said 
period of T by controlling time at which said 
select signal is applied to the other one of said 
first and second signal lines. 

14. The method of claim 13 wherein said electro- 
optical modulating layer comprises a liquid 
crystal selected from the group consisting of a 
nematic liquid crystal, a cholesteric liquid cry- 



70 



stal, a ferroelectric liquid crystal and an anti- 
ferroelectric liquid crystal. 

15. The method of claim 13 wherein said electro- 
optical modulating layer comprises a liquid 
crystal dispersed in an organic resin. 

16. The method of claim 13 wherein said reference 
signal comprises a wave selected from the 
group consisting of a sine wave, cosine wave, 
a chopping wave and a ramp wave. 



17. The method of claim 13 wherein said select 
signal comprises two pulses having opposite 

75 polarity. 

18. The method of claim 13 wherein said electro- 
optical device further comprises another sub- 
strate provided on said electro-optical modulat- 

20 ing layer with another electrode provided 

therebetween. 

19. The method of claim 18 further comprising the 
step of applying an offset voltage to said an- 

25 other electrode. 

20. An electro-optical device comprising: 

a substrate; 

an electro-optical modulating layer pro- 
30 vided on said substrate; 

a pixel electrode provided on said sub- 
strate; 

a first signal line provided on said sub- 
strate; 

35 a second signal line provided on said sub- 

strate; 

a p-channel transistor provided on said 
substrate and connected to said pixel elec- 
trode at one of source and drain terminals of 

40 said p-channel transistor, to said second signal 

line at the other one of the source and drain 
terminals, and to said first signal line at a gate 
terminal of said p-channel transistor; 

an n-channel transistor provided on said 

45 substrate and connected to said pixel elec- 

trode at one of source and drain terminals of 
said n-channel transistor, to said second signal 
line at the other one of the source and drain 
terminals of said n-channel transistor, and to 

so said first signal line at a gate terminal of said 

n-channei transistor; 

means for applying a reference signal 
whose signal level varies during duration of 
said reference signal to one of said first and 

55 second signal lines at said period of T; and 

means for supplying a select signal to said 
complementary transistor pair through the oth- 
er one of said first and second signal lines 



15 

BNSDOCID: <EP 0506Q27A2_I_> 



29 



EP 0 506 027 A2 



30 



during said period of T by digitally controlling 
time at which said select signal is applied to 
the other one of said first and second signal 
lines. 

21. An electro-optical device comprising: 

a substrate; 

an electro-optical modulating layer pro- 
vided on said substrate; 

a pixel electrode provided on said sub- 
strate; 

a first signal line provided on said sub- 
strate; 

a second signal line provided on said sub- 
strate; 

a p-channel transistor provided on said 
substrate and connected to said pixel elec- 
trode at one of source and drain terminals of 
said p-channel transistor, to said second signal 
hoc at the other one of the source and drain 
terminals, and to said first signal line at a gate 
toimia^t of said p-channel transistor; 

an n-cnannel transistor provided on said 
substrate and connected to said pixel elec- 
trode at one of source and drain terminals of 
said n-cnannet transistor, to said second signal 
line at the other one of the source and drain 
terminals of said n-channel transistor, and to 
said first signal line at a gate terminal of said 
n-channel transistor; 

means for applying a reference signal 
whose signal level varies during duration of 
said reference signal in accordance with a sine 
curve to one of said first and second signal 
lines at said period of T; and 

means for supplying a select signal to said 
complementary transistor pair through the oth- 
er one of said first and second signal lines 
during said period of T by controlling time at 
which said select signal is applied to the other 
one of said first and second signal lines, 

wherein said select signal comprises two 
pulses having opposite polarity. 

22. An electro-optical device comprising: 

a substrate; 

an electro-optical modulating layer pro- 
vided on said substrate; 

a pixel electrode provided on said sub- 
strate; 

a first signal line provided on said sub- 
strate; 

a second signal line provided on said sub- 
strate; 

a p-channel transistor provided on said 
substrate and connected to said pixel elec- 
trode at one of source and drain terminals of 
said p-channel transistor, to said second signal 
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line at the other one of the source and drain 
terminals, and to said first signal line at a gate 
terminal of said p-channel transistor; 

an n-channel transistor provided on said 
substrate and connected to said pixel elec- 
trode at one of source and drain terminals of 
said n-channel transistor, to said second signal 
line at the other one of the source and drain 
terminals of said n-channel transistor, and to 
said first signal line at a gate terminal of said 
n-channel transistor; 

means for applying a reference signal 
whose signal level varies during duration of 
said reference signal in accordance with a 
ramp wave to one of said first and second 
signal lines at said period of T; and 

means for supplying a select signal to said 
complementary transistor pair through the oth- 
er one of said first and second signal lines 
during said period of T by controlling time at 
which said select signal is applied to the other 
one of said first and second signal lines, 

wherein said select signal comprises two 
pulses having opposite polarity. 



23. An electro-optical device comprising: 
a substrate; 

an electro-optical modulating layer pro- 
vided on said substrate; 
30 a pixel electrode provided on said sub- 

strate; 

a first signal line provided on said sub- 
strate; 

a second signal line provided on said sub- 
35 strate; 

a p-channel transistor provided on said 
substrate and connected to said pixel elec- 
trode at one of source and drain terminals of 
said p-channel transistor, to said second signal 
40 line at the other one of the source and drain 

terminals, and to said first signal line at a gate 
terminal of said p-channel transistor; 

an n-channel transistor provided on said 
substrate and connected to said pixel elec- 
ts trode at one of source and drain terminals of 
said n-channel transistor, to said second signal 
line at the other one of the source and drain 
terminals of said n-channel transistor, and to 
said first signal line at a gate terminal of said 
so n-channel transistor; and 

a driving circuit connected with said first 
signal line, 

wherein said driving circuit comprises a 
data latch circuit, a counter, a flip flop circuit 
55 and a clock required for a degree of division of 

time at which a select signal is applied to said 
first signal line. 
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24. An electro-optical device comprising: 
a substrate; 

an electro-optical modulating layer pro- 
vided on said substrate; 

a pixel electrode provided on said sub- 5 
strate; 

a first signal line provided on said sub- 
strate; 

a second signal line provided on said sub- 
strate; to 

a transistor or transistors provided on said 
substrate and connected to said pixel elec- 
trode at one of source and drain terminals of 
said transistor or transistors, to said second 
signal line at the other one of the source and 15 
drain terminals, and to said first signal line at a 
gate terminal of said transistor or transistors; 

means for applying a reference signal 
whose signal level varies during duration of 
said reference signal to one of said first and 20 
second signal lines at said period of T; and 

means for supplying a select signal to said 
transistor or transistors through the other one 
of said first and second signal lines during said 
period of T by controlling time at which said 25 
select signal is applied to the other one of said 
first and second signal lines. 
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FIG. 4(A) 
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FIG. 4 (B) 
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FIG. 7(A) 
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FIG. 12(A) 
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